A new stability-indicating high-performance liquid chromatographic method for simultaneous analysis of sitagliptin and simvastatin in pharmaceutical dosage form was developed and validated. The mobile phase consisted of methanol and water (70:30, v/v) with 0.2 % of n-heptane sulfonic acid adjusted to pH 3.0 with ortho phosphoric acid was used. Retentions of sitagliptin and simvastatin were 4.3 min and 30.4 min, respectively with a flow rate of 1 ml/min on C 8 (Qualisil BDS, 250×4.6 mm, 5 µ). Eluents were detected at 253 nm using photodiode diode array detector. The linear regression analysis data for the linearity plot showed correlation coefficient values of 0.9998 and 0.9993 for sitagliptin and simvastatin, with respective concentration ranges of 20-150 µg/ml and 8-60 µg/ml. The relative standard deviation for inter-day precision was lower than 2.0%. The assay of sitagliptin and simvastatin was determined in tablet dosage form was found to be within limits. Both drugs were subjected to a variety of stress conditions such as acidic, basic, oxidation, photolytic, neutral and thermal stress in order to achieve adequate degradation. Results revealed that considerable degradation was found in all stress conditions except oxidative degradations. The method has proven specificity for stability indicating assay method.
Sitagliptin (SIT), [(R)-4-oxo-4-[3-(triflouromethyl)-5,6-dihydro
triazolo [4,3-a] pyrizine-7(8H)-yl]-1-(2,4,5-trifloro phenyl)butan-2-amine] is the first of a new class of drugs for the treatment of type II diabetes, a well known hypoglycemic drug in the present therapy. It reduces blood glucose concentration by enhancing the effect of incretins and there by leading to a significant increase in insulin secretion [1, 2] . The reported methods for determination of SIT in tablet dosage forms were UV spectrophotometry [3] [4] [5] [6] , RP-HPLC [7] , UPLC [8] , tandem mass spectrometry [9, 10] , capillary electrophoresis [11] . Simvastatin (SIM), [(1S,3R,7S,8S,8aR)-8-{2-[2r,4r)-4-hydroxy-6-oxotetrahydro-2H-pyran-2yl]ethyl}-3,7-dimethyl-1,2,3,7,8.8a-hexahydronaphthalene-1-yl-2,2-dimethylbutanoate] belongs to a class of drugs that inhibit HMG-CoA reductase, commonly called statins, which act by inhibiting the metabolic pathway responsible for the endogenous production of cholesterol. SIM is mainly used for the treatment of dislipidemia and the prevention of cardiovascular disease. The determination of SIM has been carried out in tablets by UV spectrophotometry [12] , RP-HPLC [13] [14] [15] [16] , LC-MS/MS [17] . All the above reported methods were based on the estimation of SIT/SIM alone or in combination with other drugs. Focus on search for availability of a simultaneous stabilityindicating assay method (SIAM) for SIT and SIM revealed a report by Patel et al. [18] , but the method has not included the stress studies and failed to reveal the possible degradation products. As there is a requirement for a suitable SIAM for SIT and SIM, the present study has been taken up with an objective to develop a stability-indicating RP-HPLC method for the simultaneous estimation of SIT and SIM by stress degradation to reveal possible degradation products in the combined dosage forms. This communication might as well represent the first report of a simple, sensitive and reproducible method for the simultaneous estimation of SIT and SIM from combined dosage form. Due to the high lipohillic nature of SIM compared to SIT, C8 column is recommended in this procedure to reduce the relative retention of SIM to the required retention of SIT. However, this work has been designed to reduce the Research Paper retention of SIM (30 min) at the maximum by using C8 column and suitable buffer without affecting the specificity for SIT at lower retention time (4 min).
MATERIALS AND METHODS
The pharmaceutical preparation of combination of SIT and SIM was Juvisync tablet. Methanol and water were of HPLC grade, purchased from Merck and Co. All solutions were protected from light and analyzed on the day of preparations. Glassware used in each procedure were soaked overnight in a mixture of chromic acid and sulphuric acid mixture, then rinsed thoroughly with double distilled water and dried in hot air oven. LC system (Agilent LC Model-1200 with Ezchromelite Software) containing C 8 (Qualisil BDS, 250×4.6 mm, 5 μ) column with PDA detection, Labindia -3000+ UV/Vis double beam spectrophotometer with a fixed slit width 1nm and 1cm matched quartz cells were employed in the present study.
Preparation of standard drug solutions:
Stock solutions of SIT and SIM were prepared by dissolving 10 mg of each in separate 10 ml of volumetric flask with small quantity of methanol. The mixture was sonicated for 10 min and made up the volume with methanol to give a concentration of 1000 μg/ml. These stock solutions were used for preparing working standards and calibration standards.
Chromatographic conditions:
The mobile phase consisted of methanol and water in ratio 70:30 (water containing 0.2% HSA and pH was adjusted to 3.0 with OPA) were filtered before use through a 0.45 μ membrane and degassed for 10 min. The mobile phase was pumped from the solvent reservoir to the column at a flow rate of 1.0 ml/min and the injection volume was 20 μl. The eluents were monitored at 253 nm using PDA detection.
Calibration of standards:
The calibration line was constructed for SIT and SIM using series of respective calibration standards. Aliquots stock solutions of SIT and SIM were accurately transferred in to 10 ml volumetric flasks and diluted to mark with mobile phase to yield a concentration range of 20-150 μg/ml for SIT and 8-60 μg/ml for SIM. The calibration line was obtained by plotting the mean peak area (n=3) against concentrations of drug.
Assay of SIT and SIM in tablets:
Twenty tablets of marketed formulation (Juvisync) containing SIT 100 mg and SIM 20 mg were weighed, and finely powdered. Tablet powder equivalent to 100 mg SIT (which will contain SIM equivalent to 20 mg) was weighed and transferred to a 100 ml volumetric flask and extracted with methanol by sonication, then the volume was made up to 100 ml with diluents to obtain concentration of 1000 μg/ml. Resultant solution was filtered through Whatman filter paper followed by 0.45 μ nylon filter. One milliliter of filtrate was taken in 10 ml volumetric flask and was made up to 10 ml with diluent to obtain a concentration of 100 μg/ml for SIT and 20 μg/ml for SIM. From these solution aliquots concentrations are prepared and used for the sample analysis. Results were shown in Table 1 .
Method validation procedure:
The method was validated according to the ICH guidelines [19] . The following validations characteristics such as specificity, linearity, accuracy, precision, limits of detection, limit of quantitation and robustness.
Specificity:
Specificity studies were carried out by stress degradation study, the parameter was evaluated based on the adequate resolution between analyte and degradation products as well as the ability of the method to detect analyte in presence of other products.
Linearity:
The linearity of calibration curves (peak area vs concentration) in pure solution was checked over the concentration range of 20-150 μg/ml of SIT and 8-60 μg/ml of SIM. The regression line relating standard concentrations of drug using regression analysis, the calibration curves were linear in the studied range and equations of the regression analysis were obtained, r 2 =0.9998 for SIT and r 2 =0.9993 for SIM. The data was shown in figs. 1 and 2. 
Accuracy:
The accuracy study was carried by spiking of standard to the preanalyzed test sample solution at three different levels such as 80, 100, and 120%. Spiked solutions were analyzed under optimized conditions in replicate. The results were shown in Table 2 .
Precision:
The intermediate precision was studied by three replicate measurements of concentration of SIT and SIM by interday measurements. The repeatability of the method was done by intraday analysis. Three levels of concentrations used in the study were 20, 50 and 150 μg/ml for SIT and 8, 20 and 60 μg/ml of SIM.The result was interpreted as % RSD and presented in Table 3 .
Limits of detection and quantitation:
The limit of detection (LOD) and limit of quantitation (LOQ) for the procedure were calculated based on standard deviation formula as outlined in ICH guidelines and was presented in Table 2 .
Robustness:
The robustness of the method was evaluated by varying the HPLC pump flow rate (±0.1 ml/min), organic solvent content (±2% v/v) and pH (±0.1 unit). Robustness was assessed based on the significant change in peak area (RSD%) and % assay of SIT and SIM when compared to optimized conditions. Results were presented in Table 3 .
System suitability:
It is defined as tests to measure the method that can generate result of acceptable accuracy and precision. System suitability was carried out after the method development and validation have been completed. For this, parameters like retention time (t R ), plate number (n), tailing factor (TF), peak asymmetry and resolution (Rs) of samples were measured, and shown in Table 2 . 
Forced degradation studies of sitagliptin and simvastatin:
With an objective to find out the degradation products, which in turn help in the establishment of degradation pathways and the intrinsic stability of drug molecule, stress degradation studies were carried out by using acidic, basic, oxidative, photo, thermal and neutral stress conditions. All stress studies were carried out at 1000 μg/ml of each drug and were analyzed periodically at 50 μg/ml for both SIT and SIM. The periodic time intervals are decided based on the drug sensitivity for stress where as the duration stress study was limited to 5-10% degradation and care was taken to avoid drastic degradation. The stress was continued till the degradation reached to 5-10%. Number of degradation products and % degradation for each condition was identified based on comparison of respective stress chromatogram with blank and zero hour chromatogram.
Acid degradation studies:
Acid decomposition studies were carried out in 0.1N HCl at room temperature for a period of 3 h. Ten milligrams of each SIT and SIM was weighed and transferred to a 10 ml standard volumetric flasks. Drugs dissolved by adding few ml of methanol and made up with 0.1N HCl to get final conc. of 1000 μg/ml. From above solution 0.5 ml mixture of SIT and SIM solution was drawn periodically in to a separate 10 ml standard flasks and made up to the volume with mobile phase get the conc. of 50 μg/ml of each drug (pH was adjusted to 4.5 with ammonia). The final solution was injected in the optimized conditions. Chromatograms are shown in fig. 1a and 1b.
Alkaline degradation studies:
Alkaline decomposition studies were carried in 0.1N NaOH at room temperature for a period of 9 h. The same above procedure was carried out for alkaline hydrolysis. In this study, solution was drawn at time periods of 0, 1, 3, 6 and 9 h and pH adjustment was done to 4.5 using OPA. Chromatograms are shown in fig. 2a and 2b .
Oxidative degradation studies:
The oxidative stress studies were done in 0.3% H 2 O 2 at room temperature for 48 h then the study was extended with increase in strength of hydrogen peroxide to 3%. Ten milligrams of each standard SIT and SIM was weighed and transferred to a 10 ml standard volumetric flask. The drug was dissolved by adding few ml of methanol and make up with 3% H 2 O 2 to get final concentration of 1000 μg/ml. From above solutions 0.5 ml mixture of SIT and SIM solution was drawn into separate 10 ml standard flasks and made up to the volume with mobile phase get the concentration of 50 μg/ml of each drug. From this solution 2 ml of drug solution was drawn at time periods of 0, 1, 3, 6, 9, 12, 24 and 48 h. The results are tabulated in Table 4 and chromatograms were shown in fig. 3a and 3b . No degradation product was found even after 3 days.
Thermal degradation studies:
A thermal degradation study was carried by exposing the solid sample to 60° for 9h in hot air oven. Periodically, 10 mg of each standard SIT and SIM was weighed and transferred to a separate 10 ml standard volumetric flasks. The drug was dissolved by adding few ml of methanol and make up to get final concentration of 1000 μg/ml. From above solutions SIT: Sitagliptin, SIM: simvastatin, RSD: relative standard deviation, LOD: limit of detection, LOQ: limit of quantitation 0.5 ml mixture of SIT and SIM solution was drawn in to 10 ml standard flasks and made up to the volume with mobile phase get the concentration of 50 μg/ ml. The study was carried out at 0, 3, 6, and 9 h, time intervals. The results were shown in Table 4 and chromatograms were shown in fig. 4a and 4b.
Photolytic degradation studies
Photo stability degradation studies were carried out by keeping solid drug samples in sun light for a period of 48 h. This study was designed based on the concept that 4 h of hot sunny light is equal to 1.2 million lux h. The procedure adopted was similar to thermal degradation studies. The time interval followed was 0, 4, 8, 12, 24 and 48 h. The percentage content of degraded drug was determined based on zero hour chromatogram. The results are tabulated and shown in Table 4 and fig. 5a and 5b.
Neutral condition:
This study was carried out as solution state stability studies at pH of 6.5-7.5. Ten milligrams of each SIT and SIM was weighed and transferred to a separate 10 ml standard volumetric flasks. The drug was dissolved by adding few milliliters of methanol and make up to get final concentration of 1000 µg/ml. From above stock solutions 0.5 ml mixture of SIT and SIM solution was drawn in to separate 10 ml standard flasks and made up to the volume with mobile phase get the concentration of 50 µg/ml of each drug was prepared separately at 0, 24 and 48 h time intervals and made to the final volume with mobile phase and injected. From the peak areas in the chromatogram of stress degraded samples. The results are tabulated and shown in Table 4 and fig. 6 .
RESULTS AND DISCUSSION
In this study, separation of SIT and SIM were done on C8 column in order to reduce the retention time of SIM, because at the required retention time of SIT, the SIM retention may be more on C18 column. Optimization of mobile phase composition was performed based on resolutions among drugs and degradation products, asymmetric factor and theoretical plates. The mobile phase consisted of methanol and water in ratio of 70:30(0.2% HSA is added to water and pH was adjusted to 3.0 with OPA) was selected to give sharp and well-resolved peaks for SIT and SIM. The retention times for SIT and SIM were 4.3±0.2 and 30.5±0.3 min, respectively. UV overlaid spectra of SIT and SIM showed that the both the drugs absorbed appreciably at 253 nm, so the same wavelength was selected as the detection wavelength during degradation studies.
The optimized method was validated as per ICH Q2 guidelines. The method was specific in presence of degradation products as shown in figs. 1 to 6. The linearity was proven by calibration curves and it found to be linear over the range of 20-150 µg/ml for SIT and 8-60 µg/ml for SIM. The data of correlation coefficient (r 2 value) for SIT and SIM were 0.9998 and 0.9993, respectively. The intermediate precision was tested by interday precision and was found to less than 1.5% against the acceptance limit of 2%. The low RSD (%) value indicated that the method is more precise. The recovery studies for accuracy were tested at three different levels (80, 100 and 120%) and their results were in between 98-102%, thus the accuracy of the method was proven. The detection limits (LOD) for SIT and SIM were 0.829 ng/ml and 0.2709 ng/ml, respectively, while quantitation limits (LOQ) was 2.509 and 0.82 ng/ml respectively. The lowest LOD value indicated the method is more sensitive. The validation parameters and the system suitability test parameters are shown in Table 2 . Robustness of the method was studied by changing the flow rate of the mobile phase from 1 ml/min to 0.9 ml/min and 1.1 ml/min and pH change of ±0.1 units. The mobile phase composition was changed to 72:28, by increasing the percentage of methanol, the retention time for SIT and SIM were observed to be 4.1 min and 28.3 min, respectively. The corresponding assay value for all robust condition was between 98-102% against the Assay value of optimized conditions. Solution stability study was done as a part neutral degradation study and the results revealed that SIT and SIM were stable in solution up to 24 h.
The method has fulfilled for all validation parameters as per ICH guidelines. Forced degradation study was carried out by subjecting both drugs to acid and alkali hydrolysis, chemical oxidation, photolytic and thermal degradations. Acid hydrolysis showed that SIT gave five degradation products at retention time viz. 2.8, 3.24, 3.6, 4.7, 5.3 min, and two degradation products for SIM at retention time 27.0, 36.7 min, respectively ( fig. 1 ). The chromatogram of base degraded sample showed degradation product peaks at retention time 2.9, 3.3, 3.9 min for SIM, whereas SIT was found to be stable to base degradation ( fig. 2) . Both drugs showed no degraded products for chemical oxidation and were stable to hydrogen peroxide even at 3% concentration ( fig. 3 ) for 48 h exposure. In thermal and photolytic stress conditions drugs showed degraded peaks at retention time 3.1, 3.3, 3.6, 4.7, 5.3 min for SIT and two degradants at 27.2, 37.0 min for SIM (figs. 5 and 6). The study thereby indicated that both drugs are susceptible to acid, base, thermal, photolytic and neutral stress conditions but, are stable to chemical oxidation.
The degradation product for SIT has similar retention behavior that of SIT, so the separation among impurity has not taken place, however efforts have been made to separate SIT from their impurity. Both the drugs were resistant to oxidation but susceptible to photolytic degradation. This method can be conveniently used to detect the possible degradation product in the combined dosage form of SIT and SIM, during stability studies.
